Preservatives prevent the growth of microorganisms in foods, pharmaceuticals and cosmetics. There exist numerous restrictions regarding the maximum allowable levels of preservatives in cosmetics. We analyzed 11 regulated preservatives in commercial cosmetics and manufacturers need to analyze their products for quality control purposes. However, methods used in previous studies to date have been inadequate for use by public institutions and manufacturers. Therefore, an effective, scalable method for the analysis of preservatives in cosmetics is required. We developed a novel method for the simultaneous determination of 11 regulated preservatives in cosmetics by high-performance liquid chromatography (HPLC). We applied the samples to a C18 column in a simple mobile phase (5 mmol/L ammonium formate solution and acetonitrile) with gradient elution at a flow rate of 1.0 mL/min at a single wavelength (230 nm). The correlation coefficients of the calibration curves were >0.997. The percent recoveries were 92.8-111.9% and the relative standard deviations were <4.3% (n 5 6). The peak resolution for all preservatives was >1.9. Because of the simple conditions for isolation and complete separation, the HPLC method can be effectively applied to the analysis of preservatives in commercially retailed cosmetics.
Introduction
Cosmetics are a common component of our daily lives, often containing preservatives, which are added to prevent microbial growth. These preservatives are also widely found in foods, pharmaceuticals and other products of common use. The most frequently used preservatives in cosmetics are the alkyl esters of P-hydroxybenzoic acid ( parabens), due to their strong stability, lack of volatility and low irritability (1) . In addition to parabens, benzoic acid (BA), salicylic acid (SA), sorbicacid (SO), dehydroacetic acid (DA) and phenoxyethanol (PE) are also added to many cosmetics.
Recent studies, however, have reported that parabens may cause undesirable side effects; for example, parabens possess weak estrogenic activity, which is associated with an increased risk in the development of breast cancer (2 -4) . To lower health-related risks, numerous regulations overseeing the use of preservatives exist in several countries. For example, Regulation (EC) No. 1223/2009 (5) limits the use of preservatives in cosmetics in the European Union. The maximum allowable concentrations of preservatives are: 0.4% for one single ester or 0.8% for ester mixtures of parabens, 0.5% for BA and its sodium salt, 0.5% for SA and its salts, 0.6% for SO and its salts, 0.6% for DA and its salts and 1.0% for PE. In Japan, there are restrictions with regard to the maximum allowable concentrations of preservatives in cosmetics. Under Ministry of Health and Welfare Notification No. 331 (6) , manufacturers are required to label all the ingredients contained in cosmetic products. The maximum allowable concentrations of preservatives are: 1.0% for total of parabens, 0.2% for BA (1.0% for total of BA and its salts), 0.2% for SA (1.0% for total of SA and its salts), 0.5% for total of SO and its salts, 0.5% for total of DA and its salts and 1.0% for PE. In recent times, excessive use of preservatives has been reported in commercial cosmetics used in Japan (1) . A reason for this trend may be differences in regulation worldwide. While no official standard methods of preservative analysis exist, we quantitatively analyzed the preservative content of cosmetics using previously reported methods every year and manufacturers investigated their commercial products for quality control purposes.
To analyze the preservatives in cosmetics, a number of chromatographic methods have been developed using highperformance liquid chromatography (HPLC) (7 -14) . However, few methods that are capable of simultaneously analyzing 11 preservatives, including six parabens, are available. Sawabe and Kawaguchi reported on a method of quantifying 11 regulated preservatives in cosmetics (15) , by using an amide C16 column and a simple mobile phase (a mixture of phosphoric acid solution and acetonitrile). However, this method was limited in that six wave lengths were required to monitor the eluateand poor separation occurred between butylparaben (BP) and isobutylparaben (IBP) fractions. An alternative method from Mori et al. (16) was developed to analyze preservatives in cosmetics, but several limitations were apparent, including the use of ion-pair reagents, the length of the procedure and a complex mobile phase (a mixture of cetyltrimethylammonium chloride, acetonitrile and methanol). Hada et al. (17) also reported on a method for the analysis of 13 preservatives by using ammonium acetate buffer and acetonitrile with a gradient elution at single wave length (230 nm). While the simplicity of this method suggested its utility as a method for public institutions and manufacturers, this method poorly separated BP, IBP and isopropylmethylphenol fractions. Public institutions require simultaneous methods for routine work, and manufacturers also require for quality control of their commercial products. Unfortunately, no current analysis exists with a methodology that operates under simple conditions and results in complete separation. Therefore, the establishment of such a method is necessary for the investigation of preservatives in cosmetics.
In this study, we successfully established an HPLC method for the simultaneous determination 11 preservatives: methylparaben (MP), ethylparaben (EP), propylparaben (PP), isopropylparaben (IPP), BP, IBP, BA, SA, SO, DA and PE ( Figure 1 ).
Experimental
Instrumentation and chromatographic conditions HPLC was performed using a Waters Alliance HPLC system (Milford, MA, USA) equipped with an auto sampler, a vacuum degasser and a multiple-wavelength PDA detector. AHimacCR5L centrifuge (HITACHI, Ibaraki, Japan) and an 8510J-MT ultrasonicator device (BRANSON, Danbury, CT, USA) were also used to prepare the samples.
An L-column ODS (3 mm particle size column, 250 Â 4.6 mm i.d.; Chemicals Evaluation and Research Institute, Tokyo, Japan) was used to isolate the components of the preservatives. The mobile phase was 5 mmol/L ammonium formate solution (pH 4.2 adjusted by formic acid) and acetonitrile. The gradient elution was applied as follows: 0-6 min in 25% acetonitrile, 6-30 min linear gradient from 25 to 50% acetonitrile and 30-35 min in 50% acetonitrile. The column temperature was set at 408C, the flow rate was set at 1.0 mL/min and the injection volume was set at 10 mL. The detection wavelength was set at 230 nm.
Reagents
The chemicals MP, EP, PP, BP, SO, PE, formic acid (for LC/MS), citric acid monohydrate, sodium acetate, acetic acid, sodium dihydrogenphosphate, disodium hydrogenphosphate, methanol (for LC/MS) and acetonitrile (for LC/MS) were purchased from Wako Pure Chemical Industries (Osaka, Japan). IPP and IBP were purchased from Tokyo Chemical Industry (Tokyo, Japan). DA, SA and BA were purchased from Kanto Chemical Industry (Tokyo, Japan). Ammonium formate for LC/MS was purchased from Sigma-Aldrich (St. Louis, MO, USA) and sodium dihydrogen citrate was purchased from Nacalai Tesque (Kyoto, Japan). Water purified by a Millipore Elixsystem (Milford, MA, USA) was used for the mobile phase.
Samples of three different types of cosmetics (9 cosmetic lotions, 8 milky lotions, and 8 cosmetic creams) were manufactured in seven different countries.
Preparation of solutions
Each of the chemicals MP, EP, PP, IPP, BP, IBP and PE (1.0 g each), SO and DA (0.5 g each), BA and SA (0.2 g each) was accurately weighted into 100 mL volumetric flasks and dissolved in 100 mL of methanol for use as standard stock solutions. Eleven types of the standard stock solutions at a volume of 1 mL each were selected and filled with 20 mL of methanol for use as standard mixture solution. Working mixture solutions for calibration curves were prepared from standard mixture solutions to generate 14 concentration levels in the range 1.25 -500 mg/mL (for MP, EP, PP, IPP, BP, IBP and PE), 0.334 -250 mg/mL (for SO and DA) and 0.225 -100 mg/mL (for BA and SA). Preparation of sample solutions was based on previous reports (15, 16) . A cosmetic lotion (0.2 g) was accurately weighted into a 10-mL volumetric flask and diluted with methanol to a 10 mL volume; thereafter, the solution was shaken for 5 min and filtered through a 0.45-mm membrane. Each of the milky lotions and cosmetic creams (0.2 g) was accurately weighed into a 10-mL volumetric flask, followed by the addition of ,10 mL of methanol. The solutions were extracted by sonication for 30 min and filled to a 10 mL volume with methanol, followed by centrifugation for 10 min at 3000 rpm. The extract was finally filtered through a 0.45-mm membrane. All standards and samples were stored in a refrigerator at 48C until use.
Results and discussion

Detection wavelength
To simultaneously examine all the 11 preservatives in cosmetics by HPLC, the detection wavelength was selected under the appropriate conditions (i.e., when only a single wavelength was used, all preservatives could be analyzed). Each preservative possesses a unique maximum absorption wavelength: parabens at 254 nm, BA at 230 nm, SA at 205 nm, SO at 260 nm, DA at 310 nm and PE at 220 nm. In consideration of these maximum absorption wavelengths, a wavelength of 230 nm was selected.
Selection of HPLC mobile phase
To obtain the optimum separation of 11 preservatives, several mobile phases were examined. Specifically, BP and IBP possess similar chemical structures and physical behaviors. Actual measurements of peak resolution for BP and IBP were approximated to1.4 in a previous study method (15) (Figure 2 ). With peak resolution .1.5 generally considered to result in complete separation, separation between BP and IBP fractions by HPLC is, therefore, a considerable challenge. We performed examinations using four buffer solutions: acetic buffer ( pH 4.6), citrate buffer ( pH 4.2), phosphate buffer ( pH 4.0) and ammonium formate buffer ( pH 4.2) with gradient elution using acetonitrile as described in the section Instrumentation and Chromatographic Conditions. Only isolation with ammonium formate buffer ( pH 4.2) resulted in complete separation of 11 regulated preservatives. To investigate the effect of 5 mmol/L ammonium buffer pH and concentration on retention time, the isolations were performed at a pH range of 3 -5 at intervals of 0.5 and 5, 10 and 50 mmol/L concentrations of ammonium formate buffer ( pH 4.2), respectively. Retention time changed with a change in pH (Figure 3 ), but not with a change in concentration. Consequently, the mobile phase composition described in the sections Experimental and Instrumentation and Chromatographic Conditions was selected. A chromatogram of standard mixture solution with peak resolution .1.9 was obtained ( Figure 4 ). Therefore, this result indicates that our method was successful in achieving complete separation of preservative fractions.
Linearity and limit of quantification
We prepared solutions at 14 -17 different concentrations of standard mixture solutions diluted with methanol in the range 0.200-500 mg/mL, and constructed a calibration curve by plotting peak area against concentration. As shown in Table I , each preservatives displayed a positive correlation coefficient, which was .0.997. The limit of quantification (LOQ) was set at a signal-to-noise ratio of 10.
Recovery and precision
For experiments on recovery and precision (n ¼ 6), samples from three types of cosmetics (a cosmetic lotion, a milky lotion and a cosmetic cream) containing none of the 11 preservatives were used. The samples were then spiked with preservatives at a concentration of 10, 20 and 50 mg/mL (i.e., 100, 200 and 500 mg, respectively) for parabens and PE; 5, 10, and 25 mg/mL (i.e., 50, 100 and 250 mg, respectively) for DA and SO; 2, 4 and 10 mg/mL (i.e., 20, 40 and 100 mg, respectively) for BA and SA. The results in Table II represent high-quality data with percent recoveries of 92.8 -111.9% and relative standard deviations (RSDs) of ,4.3%.
There were no obstructive peaks in any of the samples. The chromatograms of cosmetic lotion are displayed in Figure 5 .
Analysis of real samples
For the determination of real cosmetic samples, 8 cosmetic lotions, 7 milky lotions and 7 cosmetic creams were used, with the quantities of each preservative appropriately quantified (n ¼ 3). The preservatives detected in samples were MP, EP, PP, BA, SA, SO and PE, and their amounts were observed to be in the ranges 80 -280, 20 -60, 22 -99, 3-148, 128 -243, 3 -130 and186-986 mg/100 g, respectively. Typical chromatograms for each of the three types of cosmetics are displayed in Figure 6 . According to the analysis, in the cosmetic lotion, (a) labeled MP and PP were detected at 80 and 22 mg/100 g, respectively; in the milky lotion, (b) labeled BA and PE were detected at 10 and 
